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ABSTRACT

Hurricanes play an important role in the ecology and
geomorphology of the northern Gulf of Mexico coast.

In

order to study the impact of hurricanes on barrier island
vegetation, the sedimentary and fossil pollen records taken
from cores in three ponds on Horn Island, Mississippi were
examined to establish a record of ecological and
geomorphological disturbance on Horn Island.

Surface

samples taken from the bottom of 15 ponds and 3 lagoons,
delineated as fresh or brackish according to salinity test
results, provide the modern vegetational analog to compare
with the fossil pollen record using a discriminant
analysis.

Discriminant analysis results indicate that the

storm surge accompanying hurricanes acts as an ecological
agent in temporarily changing the environment from brackish
to fresh.
Historic and prehistoric hurricanes left their marks
in the sedimentary record in the form of a distinct sand
layer.

Only a high energy event, such as a hurricane,

would have the force to push the sand into a pond or lagoon
normally protected by a well-developed dune system.

By

means of Cesium-137 dating techniques, the 10 cm distinct
sand layer at approximately 10 cm in all the Horn Island
cores was confirmed to be that of Hurricane Camille (1969),
the only category 5 hurricane to make landfall in the
northern Gulf of Mexico coast this century.
x

There is an absence of distinct sand layers from
approximately 1400 A.D. to the mid-1700s in two of the
cores.

Using Carbon-14 dating, an upper sand layer at 25-

27 cm in the Fearn Lake core was dated to the mid-1700s to
the early 1800s.

This time frame corresponds to the early

part of the Little Ice Age, a period of global climatic
cooling from 1500 A.D. to 1850 A.D. and is believed to have
resulted in a decrease in the frequency of intense
hurricanes.

xi

CHAPTER 1: INTRODUCTION

This study is part of a larger study entitled
"Reconstructing the late-Holocene hurricane climate along
the northern Gulf of Mexico" funded by the National Science
Foundation and conducted under the direction of Dr. Kam-biu
Liu.

The project seeks to reconstruct the late-Holocene

hurricane record using sediment cores taken from coastal
lakes and marshes along the northern Gulf of Mexico coast
from Texas to the Florida Panhandle.

Horn Island is the

only barrier island site in the larger study, and its
records will be correlated with those from the mainland.
The main objective of this study is to reconstruct the
late-Holocene hurricane record of Horn Island through the
analysis of sediment cores taken from 7 ponds and 2 lagoons
on the island.

Through the use of stratigraphic records,

it is proposed that the frequency of hurricanes impacting
Horn Island over the past 600 years can be reconstructed.
The hurricane record is preserved in the sediment cores in
the form of well defined sand layers among the organic and
clayey sediments that comprise the rest of the core
stratigraphy.

The sand layers are proposed to be the

result of the storm surges and tidal overwashes that
accompany the high intensity hurricanes in the past (Liu
and Fearn 1993).

Salt water is also introduced into

freshwater ponds and marshes by the storm surge,
temporarily changing the vegetational composition to that
1
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of a more salt-tolerant environment.

These changes from

freshwater to more salt-tolerant vegetation can be detected
in the fossil pollen record from the sediment cores.

The

core stratigraphies were analyzed and radiocarbon dates
were taken to establish the chronology of late-Holocene
hurricane events.
Another research question that will be addressed
concerns the suppression of hurricane activity in the
northern Gulf of Mexico during the Little Ice Age.

The

Little Ice Age was a time of global climatic cooling from
approximately 1450 A.D. to 1850 A .D . (Grove 1988).

The

hypothesis that climatic cooling during the Little Ice Age
suppressed hurricane activity will be evaluated using the
stratigraphic record and the results of the diatom and
fossil pollen analysis.

The results from Horn Island will

be compared to those found from the Pearl River Marsh,
another research site, to determine the effect of the
climatic change during the Little Ice Age on hurricane
activities in this region.
Many studies have documented the impact of hurricanes
on modern vegetation.

This study, in conjunction with the

entire hurricane project, will investigate the vegetational
changes that have occurred on Horn Island as a result of
modern and prehistoric hurricanes that have impacted the
island.

Particular attention will be paid to Hurricane
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Camille (1969) which made landfall at Pass Christian,
Mississippi, on August 17, 1969.

The 24 foot (7.32 m)

storm surge that accompanied this catastrophic hurricane
completely inundated Horn Island (Roberts 1969).

This

study will also investigate the historical vegetational
changes of the island during the Little Ice Age when,
hypothetically, there were fewer hurricanes impacting Horn
Island.

CHAPTER 2: LITERATURE REVIEW

1) Hurricanes
Hurricanes are an important factor on the climate of
the Gulf Coast region of the United States (Connor et al.
1989; Simpson and Reihl 1981).

They can vary in intensity,

tracks, and in behavior upon landfall, but some
characteristics are common to them all.

Hurricanes are

accompanied by heavy seas, high water, and wind (McGowen
and Scott 1975).

Hurricane intensity has been classified

by Saffir and Simpson into five categories according to
storm surge height, wind speed, and barometric pressure
(Table 2-1).

Of the 62 hurricanes that have directly

affected the 1200-mile-long stretch of coast from
Apalachicola, Florida, to Matagorda, Texas, since 1899
A.D., only one has been of category 5 strength according to
the Saffir/Simpson scale (Neumann et al. 1987).

Of the

remaining hurricanes, 36 were of category 1 or 2, 18 were
category 3, and 7 were category 4 (Neumann et al. 1987).
2) Ecological Impacts of Hurricanes
The ecological impacts of hurricanes on coastal
systems along the Gulf of Mexico coast have been recently
reviewed by Connor et al. (1989).

The impacts on coastal

systems include erosion or sediment accretion, formation of
washover deposits, increased habitat diversity and
productivity, increased runoff and discharge, increased
sediment and nutrient output, and increased material export
4
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Table 2-1.
Saffir/Simpson hurricane scale with
barometric pressure (after Gray, 1990).

Category
1
2

3
4
5

Central Pressure
(mbar)
>980
965-979
945-964
920-944
<920

central

Wind Speed
(km/h)

Surge

119-153
154-177
178-209
210-249
>249

1 . 0 - 2.0
2 . 0 - 2.5

(m)

2.5-4.0
4-5.5.0
>5.5

6

(Connor et al. 1989).

Overall, hurricanes appear to be

beneficial to coastal systems because these episodic events
help to increase habitat heterogeneity, reduce ecosystem
maturity, increase net productivity, and increase
biological diversity by preventing the ecosystem from
succeeding to climax (Connor et al. 1989).
Hurricanes can impact vegetation in both physical
destruction and community alteration.

The damage can come

in the form of breakage, uprooting, and defoliation
associated with high winds, waves, and tides, which may
result in massive debris piles.

After drying, these piles

may serve as fuel for fires that follow the hurricane.
Flooding and salt damage can also weaken trees and leave
them susceptible to insect kill (Touliatos and Roth 1970).
A tree's ability to withstand damage from a hurricane
depends upon the strength of the wood, its bole size, shape
and size of the crown, extent and depth of the root system,
and antecedent moisture conditions (Touliatos and Roth
1970).

For example, Pinus elliottii (slash pine), the most

common tree on Horn Island, did not fare well in the
breakage, uprooting, or deterioration by insects and
disease categories according to Touliatos and Roth but it
did show a high resistance to damage from salt spray.
Quercus virqiniana (live oak), which is found in scrub form
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on Horn Island, fared the best in all of the categories
(Touliatos and Roth 1970).
According to Connor et al. (1989), if the incidence of
hurricane activity in the Gulf over the past 84 years is
extended back through the Holocene, over 40,000 hurricanes
would have occurred in the northern Gulf of Mexico during
that time.

As a result, coastal ecosystems in this region

have developed with hurricanes acting as an ecological
agent.

It is impossible to tell how the coastal ecosystems

would have developed with the absence of the hurricanes,
but Connor et al. (1989) believe that they would be
morphologically and ecologically different than they are
today.
Simpson and Lawrence (1971) assessed the probability
of a hurricane hitting 80 km sections along the Gulf and
Atlantic coastlines in any given year.

None of the

sections exceed 14% probability and one-third of the Gulf
coastline has less than 6%.

The predictions made by

Simpson and Lawrence (1971) for the area from Biloxi,
Mississippi, to Mobile, Alabama, estimate that the annual
probability of landfall for a tropical storm is 13%, for a
hurricane 6%, and for a great (category 5 on the
Saffir/Simpson scale) hurricane 1%.

The storms in this

area generally occur between June and October, most
frequently in August and September.

Therefore, a

hydrologic basin may go decades without the impact of a
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hurricane, which makes it difficult to study the long-term
effects of hurricanes in that area (Connor et al. 1989).
Prior to this overall hurricane study, most data collected
relate to immediate and dramatic impacts of hurricanes and
not the long term influences on the ecosystem.
Most of the studies on the ecological impacts of
hurricanes are based on short-term effects and the long
term effects are generally poorly understood.

The

assessment of the short-term and long-term impacts of
hurricanes on ecological systems is often complicated by
the poor understanding of the ecosystem prior to the
hurricane strike (Tanner et al. 1991).

Ecological

disturbances are mediated by the hydrologic and geomorphic
factors, such as flooding and washover fan development.
Emergent macrophytes are always damaged by hurricanes, but
there is generally no long-term effect on marshes (Connor
et al. 1989).

The immediate impact is loss of vegetation,

but in most cases this is temporary, and primary production
may be high in the period following the hurricane, as
documented by several previous studies (O'Neill 1949;
Webert 1956; Wright et al. 1970; and Chabreck and Palmisano
1973).

These studies also showed that in some cases, the

percent of total cover had returned to pre-hurricane
conditions within one year, although some species changes
were evident (Connor et al. 1989).

9

Recently Brewer and Grace (1990) suggested that
episodic saltwater impulses resulting from storm surges may
be responsible for the maintenance of salt-tolerant plant
communities in an oligohaline tidal marsh in Louisiana
where the background soil salinity should support
freshwater communities.

As the time between the major

hurricane strikes increases, the dominance of salt-tolerant
species will decrease over time and be replaced by less
salt-tolerant species (Brewer and Grace 1990).

By sampling

palynological data at close intervals from sediment cores
taken on Horn Island, long-term changes in marsh vegetation
due to the impacts of hurricanes can be assessed.
Connor et al. (1989) noted that emergent marshes in
other areas of the Gulf of Mexico also recover rapidly
following a hurricane.

During Hurricane Betsy (1965),

there was a heavy dieback of Cladium jamaicense (sawgrass)
in the Everglades.

Within three months there were new

sawgrass seedlings (Alexander 1967).

It was also noted by

Craighead and Gilbert (1962) that the sawgrass marshes were
less affected than the woody vegetation following Hurricane
Donna (1960).

Stoneburner (1973) found a positive

correlation between hurricanes and the annual growth of
pinus elliottii (slash pine) on barrier islands along the
Mississippi coast.

He found that hurricane-induced

washovers stimulated the growth of Pinus elliottii
seedlings by reducing the competing undergrowth shrub
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species.

It has been suggested by Vogel (1980) that

hurricanes have replaced fires as the ecological agent of
disturbance for proper pioneer Pinus elliottli development.
Ackerman et al. (1991), developed a graphic model
incorporating the frequency of hurricane strikes to
determine the ecological response to the disturbance.
model is shown in Figure 2-1.

The

The force of the hurricane

decreases as a function of wind velocity, storm duration,
rainfall, storm surge, and decreases further away from its
eye.

The recovery time and damage to the vegetation

increase with hurricane force but also depend upon physical
and abiotic factors of the site, such as the physiography,
soil moisture, species composition and structure, state of
recovery since the last disturbance and vegetational
anatomy, age, architecture, and size (Ackerman et al.
1991).

As the magnitude of the disturbance increases, the

influence of site factors decreases.

Recovery time is also

dependent upon the magnitude of the disturbance.

Also, the

greatest similarity between hurricane damaged forests and
treefall gaps probably lies in the intermediate levels of
forest damage (Ackerman et al. 1991).

Models are now

emphasizing recovery following a disturbance rather then
returning to an equilibrium state of climax (Yih et al.
1991) .
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VEGETATION OAMAGE

IMPORTANCE OF SITE FACTORS

RECOVERY TIME
------------------------ »
YEARS
DECADES
CENTURIES

< ---------------------------------------------------------

DISTANCE FROM EYE
Figure 2-1. Predictability of damage and recovery processes
in hurricane-affected sites (Ackerman et al. 1991).
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3) Geomorphic Impacts of Hurricanes
Many studies have been done to determine the
geomorphological impacts of hurricanes.

One area of study

was to show that erosion rates are initially high, but that
there is generally a rapid recovery to pre-hurricane status
(Morgan et al. 1958; Tanner 1961; Ball et al. 1967; Hayes
1967; Sonu 1970; Wright et al. 1970; McGowen and Scott
1975; Morgan 1976).

Studies have also been done to examine

the effects of hurricanes on net beach accretion in the
formation of mud arcs (Morgan et al. 1958; Ball et al.
1967), the transport of offshore sands onshore (Kwon 1969;
Wilkinson 1973), and washover fan formation (Andrews 1970;
Wilkinson 1973; Leatherman 1976).

McGowan and Scott (1975)

also investigated the development of washover fans on
barrier islands and the movement of coarse-grained
sediments into lagoons.

The washover fans develop at

places where the dunes are broken through and sand from the
beach and dunes are transported and deposited on the
backside of the barrier island (Reineck and Singh 1980).
The long-term geomorphic impacts are often the result of
the super elevated sea level known as storm surge (Suter et
al. 1982).

This rise in water inundates vast areas of low-

lying coastal regions, producing widespread erosion and
deposition of nearshore sediments (Hayes 1967).

These

deposits consist of rather coarse-grained sediments which
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are transported from depths of 25 meters or more on to the
beach and beyond the coastal dunes (Reineck and Singh
1980) .
Penland and Suter (1984) reviewed the impacts of 17
tropical storms on barrier islands in the Gulf of Mexico.
They suggested that tropical cyclones are the primary
mechanism for barrier island breaching; land-directed and
seaward-directed overwash flow can breach barrier islands.
Orientation of the storm track to the shoreline controls
the direction of barrier island breaching.

When a

hurricane approaches land in a shore-normal orientation,
right-oblique hurricane impacts breach the island. In
shore-normal conditions, peak surge and strongest winds
occur prior to landfall and are focused onshore to the
right side of the storm track (Penland and Suter 1984).
Due to the higher wind strength of the upper right
quadrant, landward orientated overwash features and barrier
island breachings are concentrated to the right of the
storm.

CHAPTER 3: STUDY AREA

1) Location
Horn Island is a barrier island located along the
northern Gulf of Mexico coast, 19.31 km (12 miles) south of
Pascagoula, Mississippi at 30° 13'N and 88° 40'W (Figure 31).

The island is part of the Gulf Islands National

Seashore, authorized in 1971, and administered by the
National Park Service, U.S. Department of the Interior.

It

is a link in the chain of more than 50 barrier islands that
border the northern Gulf of Mexico coast (Eleuterius 1979).
Geological data indicate that Horn Island was formed
by shoal-bar aggradation, possibly not earlier than 30004000 years ago (Eleuterius 1979; Otvos 1970, 1979).
Underlying the island is non-barred, open, marine nearshore
sediments.

The location of Horn Island is related to the

presence of the Pleistocene core east of Dauphin Island.
Once the shoal became a subaerial barrier, it migrated
westward by erosion on the updrift and by spit growth on
the downdrift (Otvos 1970 and 1979).
The island is approximately 22.5 km (14 miles) long,
1.21 km (three-quarters of a mile) wide at its widest
point, and reaches a maximum elevation of approximately
3.66 m (12 feet).

Westward migration has been documented

with accretion values exceeding 1 km over the past 126
years (1848-1974) (Eleuterius 1979).

This westward

movement is accomplished by erosion on the eastern end and
14

Figure 3-1.

The location of Horn Island, Mississippi.
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accretion on the western end.

The major factors affecting

shoreline changes are storm (hurricane) frequencies,
deficiency in sediment supply, and sea-level changes
(Waller and Malbrough 1974).

A comparison of shoreline

changes by Waller and Malbrough (1974) indicates short-term
cycles of erosion related to storms (hurricanes) and
partial recovery during intervening years of low storm
incidence.
Seven major hurricanes (category 2 or greater
according to the Saffir/Simpson hurricane scale) have
affected Horn Island in this century.

The severe hurricane

of September, 1906 almost completely covered the island in
water and also destroyed the records and half of the cattle
owned by the Waters, a colonial family living on the island
(Richmond 1962).

A 1947 category 2 hurricane hit the area

of Pascagoula, Mississippi with winds of 137 km per hour
(85 mph) and a storm surge of 2.74 m (9 feet) (U.S. Army
Corp of Engineers 1969).

On its way to New Orleans,

Hurricane Betsy (1965) passed 80.45 km (50 miles) south of
Horn Island (Gunter and Eleuterius 1973).

The late Walter

Anderson, a well-known naturalist, managed to ride out
Hurricane Betsy while camping on Horn Island by staying on
the leeward side of the higher dunes (Richmond 1968).
Hurricane Camille, the only category 5 hurricane this
century, impacted the island in 1969.

The other hurricanes

17

that have impacted the islands were the Lousisiana
Hurricane Elena (1985), the Alabama Hurricane Frederic
(1979), and the July hurricane of 1906 (Sullivan 1985).
2)

History of Occupation and Usage
Prior to being placed under the jurisdiction of the

National Park Service in 1971, Horn Island had a varied
history of occupation and usage.

The island earned its

name from a European sailor from the crew of the explorer
Bienville, who left his horn of gun powder on the island in
1690.

The King of France awarded Horn Island to Bienville

for his eminent services.

Early maps show Horn Island as

Isle Bienville but the 1932 maps of D ’Anville use the name
Horn Island (Eleuterius 1979).
A few colonial families lived on the island, including
the Waters family who occupied the island from 1845-1920.
It was after this family that one of the study sites,
Waters Pond, was named.

The history of colonial families

was passed down in the form of oral history through
generations.

The homesite of the Waters family was on the

northeast side of the island.

At one time, up to 800 heads

of cattle were on the island and were cared for by the
Waters family.

The family ate food grown on the island,

such as vegetables, chickens, hogs, and cattle.

The Waters

homesite has long since vanished due to erosion, but pieces
of brick, pottery, glass, charcoal, and other artifacts
remain today (Eleuterius 1979).
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Sand was hauled from the island in the late 1800s for
use in glass manufacturing and water purification.
was prohibited prior to 1930.

This

The U.S. Department of the

Army acquired Horn Island during World War II for the
testing of biological and chemical warfare.
tests were conducted.

A total of 23

It was later found that the wind

direction was towards the mainland, and so, on August 13,
1945, the facility was deactivated (Eleuterius 1979).

The

island was then made into a wildlife refuge until the
Department of the Interior acquired it in 1971, and
included it in the Gulf Island National Seashore and
continues to have jurisdiction over the island today.
3)

Previous Ecological Studies
Pessin and Burleigh (1941) conducted a study on the

forest biology of Horn Island.

This included a generalized

soil survey dividing the island into dune sand, tidal
marsh, beach sand, and pine timber areas.

Successional

relationships were discussed in conjunction with the major
taxa found on the island.

The importance of fire as an

ecological agent was mentioned but not covered in depth.
An extensive list of birds was also collected that included
permanent, summer, and winter residents along with
migrants.
Richmond (1962), who was stationed in the U.S. Army on
Horn Island during 1944 and 1945, also compiled an
extensive list of flora and fauna along with an extensive

J
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cultural history that included the residents and historical
uses of Horn Island (Richmond 1962).

Subsequently,

Richmond (1966) also published research updating the 1962
flora and fauna lists along with a list of corrections for
the 1962 list.

Richmond (1968) determined that the strong

root system of Pinus elliottii holds the central region in
a more or less stable equilibrium.

He also concluded that

Myrica cerifera (wax myrtle), Ilex vomitoria (yaupon),
Senecio vulaqris (groundsel), Ceratiola ericiodes
(rosemary), Ammophila breviliqulata (beach grass), and
Uniola paniculata (sea oats) also contributed to the
stability.
Franks (1970) studied the fish populations of all the
existing lagoons and ponds on Horn Island.
objective of Franks'

The main

(1970) study was to determine what

species comprise the fish population in the waters on Horn
Island and to determine their relative abundance.
Concurrently, observations on certain ecological factors
were made.

Franks also investigated the origin of the

ponds and lagoons.

He concluded through aerial and ground

observations following Hurricane Betsy (1965) that storm
tides had invaded pre-existing bodies of water.

The

infiltrating waters obviously altered the biological and
physical aspects of the established aquatic environments
(Franks, 1970).

The majority of the waters now present on
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the island are either the result of numerous storms and
flood waters or a few tremendous, devastating hurricanes
(Franks, 1970).
Eleuterius (1979) led an extensive study on the flora
of Horn and Petit Bois Islands and his results provide the
basis for the modern pollen analog study conducted in this
thesis (see Appendix).

He complied a species list for each

ecosystem on Horn Island after completing 52 trips to the
island over a two and a half year period.

He determined

the ecological role of fauna on Horn Island, delineated the
vegetational types, prepared profile diagrams of the island
to compare the ecosystems found on different parts of the
island, and documented soil types and other environmental
factors in determining the vegetational composition of the
island.

Plots 3 m x 3 m in size were demarcated and burned

to determine the role of fire on the ecosystem.

Ten m x

ten m plots were also demarcated to determine faunal
impacts on the vegetation.

Comparisons were made in the

floristic diversity between the eastern, western, and
central sections of the island.

The impacts of hurricanes

on the island were also briefly analyzed.

McGraw (1980)

evaluated the potential of using hatchery-reared seed
oysters for stocking and mariculture in the Mississippi
Sound.

She used Ranger Lagoon on Horn Island as the focus

of her study.
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Shabica and Watson (1982) followed Frank's (1970)
study by conducting a survey of all the ponds and lagoons
on Horn Island.

They made comparisons between their

findings and the results of Franks' survey.

The ponds and

lagoons were each given a reference number prefixed with
the abbreviation CFRL (Coastal Field Research Laboratory)
(Table 3-1).

These assigned numbers were also used in

referencing the ponds and lagoons for this study.

Using

the vegetational map from Eleuterius (1979), the acreage of
each pond and lagoon was calculated.

The submerged and

shoreline vegetation, salinity, number of fish species,
bottom composition, and maximum depth were determined for
each pond and lagoon surveyed.

Shabica and Watson (1982)

noted that some of the ponds at the time of Franks' survey
had merged into one pond.
4)

Ponds and Lagoons
Horn Island is a 22.5 km (14 mile) long island that is

1.21 km (three quarters of a mile) wide at its widest
point, a maximum height of approximately 3.5 meters, and
has an area of 1339.2 hectares.

The island has a variety

of ecosystems that include dune systems, marshes, high
meadows, and woodlands.

It has a total of 63 ponds and

lagoons which are a mixture of both fresh and brackish
bodies of water.

Only three of the lagoons have a direct

outlet to the Mississippi Sound.
outlet to the Gulf of Mexico.

None of the ponds have an
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Table 3-1. Coastal Field Research Laboratory (CFRL) assigned
numbers and corresponding names for ponds and lagoons.

1

Lake Number

Lake Name

43

Waters Pond

42

Garden Pond

40

Fearn Lake

38

Momma's Diner Lake

28

Ranger Lagoon
1

27

26
25
24

Hampton Pond

19
18
1

Gathen Pond

20
1

10
7
15

Beach Lake

5

Kari Pond

13

Long Lake

14

Round Lake
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Horn Island is divided into three areas: the eastern,
central, and western sections.

The eastern section of the

island is geologically the oldest, although there are no
distinct differences in the floristic composition between
them (Shabica 1982).

The ponds and lagoons of Horn Island

are concentrated on the eastern end, which is also the most
stable portion of the island (Shabica 1989).
The ponds and lagoons on the island have been
previously studied by Shabica and Watson (1982).

The

salinity, depth, submerged and shore vegetation, and number
of fish species in each body of water were studied on 25
ponds and lagoons on the island.

Franks (1970)

investigated fish populations in the inland waters of Horn
Island.
For the purpose of this study, the classification of
the bodies of water on Horn Island follows that of Shabica
and Watson (1982) and Franks (1970).

A pond is defined as

a confined body of fresh water or brackish water with no
tidally generated freshwater-saltwater exchange (Shabica
and Watson 1982).

Some of the bodies of water included in

this study are called lakes, but it is understood that all
of these "lakes" fall within the definition of a pond.

A

lagoon is defined as a confined body of brackish or saline
having restricted inlets from the sea, generally tidally
influenced, with little freshwater inflow (Shabica and
Watson 1982).

Figure 3-2 shows the CFRL number and

T> /’

k

Figure 3-2. CFRL number and location on Horn Island,
Mississippi.
to
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location for each pond and lagoon study site.

There are

three lagoons observed on Horn Island, all of which have
tidal openings to the Mississippi Sound.

Garden Pond, one

of the study sites, is actually a lagoon with a fluctuating
tidal opening.

When the tidal opening is closed, Garden

Pond takes on the characteristics of a brackish pond
environment.
According to research by Shabica (1989), pond systems
on Horn Island are expanding, not into new ponds, but
merging with other existing ponds.

Storm surges and

overwashes that accompany hurricanes are believed to be
partially responsible for changing the morphology of the
ponds.

The ponds and lagoons are found within the dune

ridge system of the island, suggesting that island
physiography is a controlling factor in their origin
(Shabica 1989).

The water between the ridges is coming

from storm surges, overwashes, and rainwater.

The dune

ridges, which are a function of sand supply, vegetation,
and prevailing winds, determine where the surge and
overwash will penetrate, scour the island, and allow water
to accumulate (Shabica 1989).

The interior ridges are

historical shorelines and were once primary dune ridges
that separated the active beach from the island's lower
interior (Shabica 1989).

These ridges were once part of

the active progradational and migratory processes of the
island.

Once the ridges were isolated from the beach, they
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provided the necessary topographic low areas for scouring
by overwash, rainwater and washover accumulation, or tidal
inundation (Shabica 1989).

Many of the ponds are located

at or below the level of the Mississippi Sound and Gulf of
Mexico waters.

One example of a pond below sea level is

Momma's Diner Lake, one of the study sites, located in the
eastern section of the island.

Eleuterius (1979) also

described ponds that had elevations above the waters of the
Gulf and Sound.
5) Vegetation
With the exception of a few species of plants, the
vegetational composition of Horn Island is comparable to
that found on the mainland of Mississippi.

Lower or non-

vascular plants, such as algae, lichen, liverworts, fungi
and mosses are poorly represented on the island (Eleuterius
1979).
island.

Only three species of Lycopodium were found on the
The Gymnospermae are represented by an abundance

of Pinus elliottii (slash pine) and a few seedlings of
Taxodium (cypress) (Eleuterius 1979).

While there is a

large number of species that represent the Monocots, such
as Gramineae and Cyperaceae, the dicots are more abundant.
The flora of Horn Island is not as species-rich as the
adjacent mainland.

Although Tillandsia usenoides (Spanish

moss) is found on the mainland, it is absent from Horn
Island.

The shrub Conordina canescens, known from one

locality on Horn Island, is the rarest species found on the
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island and is not found anywhere else in Mississippi
(Eleuterius 1979).

Hughly and Eleuterius (1976) compared

the flora of the dunes on Horn Island with that found on
dunes at Belle Fontaine Beach in the mainland and concluded
that the floristic diversity was low on Horn Island.
Horn Island falls within the Southern Pine and
Hardwood vegetation ecosystem. It is comprised of several
ecosystems that include fresh, intermediate, and brackish
marshes, high meadow, woodlands, dunes, and relic dunes.
Figure 3-3 shows the location of ponds and lagoons in
relation to the pattern of vegetation on Horn Island.
Brackish and intermediate marshes are found surrounding the
brackish lakes.

The dominant plant species found here are

Spartina patens (marshhay cordgrass) and Juncas romerianus
(black needle rush).

The fresh marshes are characterized

by Typha angustifolia

(cattail) which also surrounds the

edges of the freshwater ponds.
The densest and oldest woodlands, whose dominant trees
consist primarily of Pinus elliottii and Myrica cerifera,
are concentrated mostly in the central part of the island.
There are also scattered woodlands found on the western and
eastern ends of the island, but the trees are smaller and
not as dense.

The average age of pine trees lies between

30 and 40 years and the average height is 3.96 m (38 feet)
(Eleuterius 1979).

Quercus virginiana (live oak) were also

found to be abundant, with 40 mature and 350 immature trees

Figure 3-3.

Map showing vegetational patterns on Horn Island.
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on the island (Eleuterius 1979).

The live oaks were found

mostly along the north side from the middle to the eastern
end.
Of the 63 ponds and lagoons found on Horn Island by
Shabica and Watkins (1982), 15 ponds and 3 lagoons were
surveyed on Horn Island for this study.

Of the 18 bodies

of water, sediment cores were taken from 9 of them.

The

most well defined core stratigraphies are from Momma's
Diner Lake, Fearn Lake, and Waters Pond.

These three ponds

are the focus of this study and the area surrounding each
of them will be described next in further detail.
6)

Waters Pond
Waters Pond (CFRL #43) is located on the eastern end of

the island.

It has a maximum depth of 2 meters (Shabica

and Watson 1982) and is surrounded by a well developed dune
system to the north and a freshwater marsh to the south.
Figure 3-4 shows Waters Pond looking southward and the
dense stand of Typha that surrounds the pond.

The

vegetation on the dunes consists primarily of Myrica
cerifera, Serenoa repens (sawtooth palmetto), and Opuntia
(prickly pear cactus).

A dense fringe of Typha

anqustifolla completely surrounds the pond.

The dunes to

the south are much lower in elevation than the northern
dunes and are primarily covered with smaller Myrica
cer^ era shrubs.

The salinity level was found to be 5 ppt

and the pH level was 7.5.

Figure 3-4. Waters Pond facing southward and surrounded by a
dense stand of Typha.
(jJ
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7)

Momma's Diner Lake
Momma's Diner Lake (CFRL #38) is also located on the

eastern end of the island and is at an elevation below sea
level.

This low-lying pond is surrounded by sparsely

vegetated dunes and therefore is not well protected from
storm surges or overwash events.

It has a maximum depth of

approximately 1 meter (Shabica and Watson 1982).
5 shows Momma's Diner Lake looking northwestward.

Figure 3A dense

stand of Typha anqustifolia surrounds the pond and Myrica
cerifera and Serenoa repens dominate the dune systems.
Figure 3-6 shows the dense stand of Typha that surrounds
the pond.

The salinity level was 4 ppt and the pH level

was 6.5.
8) Fearn Lake
Fearn Lake (CFRL #40) is also found on the eastern end
of the island and is very similar in characteristics to
Momma's Diner Lake.

It also has a maximum depth of

approximately 1 meter (Shabica and Watson 1982).

Woodlands

are on the eastern end, dunes are to the south, and a
freshwater marsh dominated by a dense stand of Typha
anqustifolia completely surrounds the pond.

Figure 3-7

shows Fearn Lake facing westward and the dense stand of
Typha that surrounds the pond.

Typha anqustifolia is

invading Fearn Lake leaving some parts of the pond very
shallow.
was 7.5.

The salinity level was 5 ppt and the pH reading

Figure 3-5.

Momma's Diner Lake facing northwestward.

OJ

to

Figure 3-6.
Lake.

A dense stand of Typha surrounding Momma's Diner
u>
OJ

Figure 3-7. Fearn Lake facing westward and surrounded by a
dense stand of Typha.
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CHAPTER 4: METHODOLOGY

1)

Storm Signature
Storms can leave distinctive sedimentary structures in

ancient shallow-water marine sediments (Aigner 1985; Duke
1985). Hurricanes were also inferred to produce graded or
homogenous facies of sand, shell gravel, and mud found in
predominantly clastic sediments of late-Holocene age in
coastal lagoonal bays of Florida (Davies et al. 1989).

A

recent study by Liu and Fearn (1993) for Lake Shelby in
Gulf State Park, Alabama, establishes that a
chronologically and stratigraphically distinct record of
major hurricane strikes can be reconstructed based on
radiocarbon dating of hurricane-induced sand layers
identified in sediment cores from coastal lakes.

Liu and

Fearn (1993) hypothesize that a major hurricane would cause
sand to enter a coastal lake by means of tidal overwash and
dune erosion, leaving a layer of sand on the bottom of the
lake.

If the geology of the coastal lake has not changed

drastically since the sand layer was deposited, then the
thickness and horizontal extent of the sand layers should
reflect the intensity of the storm hitting the coast (Liu
and Fearn 1993).

As a result, a proxy record of hurricane

strikes can be reconstructed based upon the stratigraphy
and the chronology of sand layers in the sediments (Liu and
Fearn 1993) .
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Following the rationale of Liu and Fearn (1993),
distinct sand layers found within the cores from the Horn
Island ponds and lagoons in this study are inferred to be a
result of intense hurricanes.

It is also inferred that the

sand layers were deposited as a result of the storm surge
that inundated the island during the major hurricane
events.

In order to have sand layers deposited in the

ponds, Horn Island is likely to be hit directly by an
intense storm whose storm surge is high enough to inundate
the island.

This storm surge carries with it sediments

from the beaches and dunes, and deposits them in the form
of a distinct sand layer on the bottom of coastal lagoons
and lakes.

Once the island is inundated, salt water can

become trapped in freshwater environments, which can alter
the existing vegetation from a freshwater environment to a
brackish environment.

The changes in vegetation can be

detected by comparing the fossil pollen assemblages with
surface samples taken from the ponds and lagoons.
2)

Fieldwork
A total of four trips were taken to Horn Island.

The

first trip was conducted by Dr. Kam-biu Liu and Mimi Fearn
in June, 1992.

During that trip, several sediment cores

were taken from two ponds (Waters Pond and Fearn Lake) and
one lagoon (Garden Pond).

Two more trips were taken in

May, 1993 by the author of this thesis (Kari Gathen).

The

limnological data and surface samples from 15 ponds and 3
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lagoons were collected at this time.

During a second trip

in May, 1993 sediment cores from five ponds (Hampton Pond,
CFRL #27, Gathen Pond, Kari Pond, Momma's Diner Lake) and
one lagoon (Ranger Lagoon) were also taken.

In both the

May 1992 and 1993 coring trips, a Rahley-Dahl sampler was
used from rubber rafts to core each of the ponds and
lagoons.

The Rahley-Dahl sampler was made up of a 2.0 m

long clear plastic tube fit with a piston.

Parallel cores

were taken for seven of the ponds and the other two ponds
had only one core taken.
marked in Figure 4-1.

The locations of the cores are

Sedimentary changes in the cores

were noted and recorded in the field and later again in the
lab.

The cores were wrapped in plastic wrap and then in

aluminum foil for transport.

Transportation was supplied

by the Gulf Islands National Seashore staff in May, 1994 to
collect island sand to compare to the sand layers within
the sediment cores.
A limnological survey was conducted for 15 ponds and 3
lagoons on the island.

This survey included salinity,

dissolved oxygen and pH tests.

Water samples were taken

from the edge of each of the surveyed ponds and lagoons and
were analyzed for salinity levels using a hand-held
salinity meter.

The ponds were classified as either

mesohaline (brackish) or as limnetic to oligohaline
(freshwater) environments according to the classification
by Alcala-Herrera et al. 1994 (Table 4-1).

The dissolved

A4

I

t

Fearn Lake

3

Kilometers

Figure 4-1.

• -sediment core

Location of the cores taken on Horn Island.
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Table 4-1.
Salinity
Herrera et al 1994).
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oxygen test, using standard procedures from a field water
guality kit, was completed to determine the productivity
level of each of the lakes and to establish any differences
between the brackish and freshwater environments.

First,

dissolved oxygen powders 1 and 2 were mixed with the
sample.

Once the orangish-brown floe had formed and

settled, dissolved oxygen powder 3 was added.

A sample of

this was poured into a plastic tube and sodium thiosulfate
was added drop by drop until the solution became clear.
The dissolved oxygen measurement was egual in mg/1 to the
number of sodium thiosulfate drops that were needed to make
the solution clear.

Finally, the pH test was conducted on

site at each of the lakes to determine the range of pH
values for the lakes, by collecting 2 samples from each
body of water.

Six drops of wide range 4 pH indicator

solution was added to one of the tubes, mixed, and inserted
into the right top opening of the color comparer.
untreated sample was put in the left opening.

The

The

comparator was held up to the light and the disc was
rotated until a match was made and the pH value was read
through the scale window.
Using aerial photos and a recent vegetation map of
Horn Island by Eleuterius (1979), a general vegetational
survey was conducted.

The ecosystems surrounding each of

the lakes were noted, including major vegetational types.
The island was divided into three sections: the western,
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eastern, and central sections.

The major ecosystems in

each of the sections were also observed.

A comparison of

vegetational composition was made with the other sections
and also with the vegetation map and aerial photos.
Boundaries between the present ecosystems were established
and used in interpreting the pollen data in terms of
vegetational change.
Surface samples were also taken from each of the
surveyed ponds and lagoons by swimming out to the center of
the lake and diving down to grab the surface sediment
without disturbing the lake bottom.

The surface samples

were stored in plastic bags for transport back to the
laboratory.

These surface samples were analyzed for their

pollen content and used as the modern analog for comparison
with the fossil pollen spectra from the cores.
3)

Lab Work and Data Analysis
Loss-on-ignition analysis (Dean 1974) was completed for

each of the cores.

This was done at 1 cm intervals

contiguously for the entire length of each core.

The

porcelain crucibles were weighed before the samples were
placed in them.

The samples were then put in the porcelain

crucibles, weighed, and dried at 105°C overnight in a
drying oven.

Following this, the samples were allowed to

cool for several hours in the desiccator and then weighed
again.

The samples were then heated to 550 °C for one hour

to determine the percentage of organic and mineral residue
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and allowed to cool in the desiccator before being weighed.
The four weights for each core were entered into a
spreadsheet in the computer program TILIA, and the percent
organics (by dry weight) and percent water (by wet weight)
were calculated.

The percentages were then plotted

stratigraphically for each of the cores.
Pollen analysis was conducted on three of the cores:
Momma's Diner Lake, Fearn Lake, and Waters Pond.

Surface

samples collected from 15 ponds and 3 lagoons on Horn
Island were also analyzed to establish the pattern of
modern pollen deposition in different ponds and lagoons.
Pollen was analyzed using standard procedures as
established by Faegri and Iverson (1975).

This treatment

involves the following steps:
1.

HC1 to dissolve carbonates in the sediments and in
the Lycopodium marker tablets that are used for
calculating the pollen concentration.

2.

KOH to remove organic acids.

3.

HF to dissolve silicate minerals.

4.

Acetolysis solution to dissolve lignin.

5.

Silicone oil to make the slides.

The slides were analyzed under a microscope at 400X
magnification.
were counted.

For each sample at least 300 pollen grains
The pollen sum consists of the pollen of

trees, shrubs, upland herbs, and aguatics.
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The core from Momma’s Diner Lake was analyzed at every
3 cm down to 80 cm; the Fearn Lake core was at every 5 cm
down to 60 cm; and the Waters Pond core every 4.5 cm down
to 27 cm.

The sediment and pollen in the Waters Pond core

were analyzed to look for evidence of any cultural impacts
that may have been left by 19th century island settlers
that lived near the pond.

The other two cores were

analyzed at closer intervals to detect ecological changes
resulting from major hurricane strikes.
4)

Discriminant Analysis
Discriminant analysis was used to relate the fossil

pollen data to their modern analogs (Liu and Lam, 1985).
The subprogram DSCRIMINANT was run on SPSS (Statistical
Package for the Social Sciences) at the Computer Mapping
Sciences Lab at Louisiana State University.

The surface

samples from the 15 ponds and 3 lagoons were grouped as
either fresh or brackish ponds and lagoons based on the
results of the salinity tests.

The freshwater

environments, defined to be having salinity values of 5 ppt
or less, were assigned a Vegetational Zone Index (VZI) (Liu
and Lam 1985) of one.

The brackish environments as defined

in this study include those ponds having salinity values
ranging from 12-20 ppt; they were assigned VZIs of two.
Table 4-2 lists the assigned groups or VZIs of the ponds
and lagoons.
priori groups.

The fossil pollen spectra were not assigned a
Fourteen of the most common pollen taxa
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Table 4-2. Salinity groups of 18 modern ponds and lagoons (1=
freshwater and 2= brackish water).

Body of Water

Group

Waters Pond

1

Fearn Lake

l

Round Lake

1

Gathen Lake

1

Kari Pond

l

Lake 10

1

Mommas Diner Lake

1

Lake 19

l

Lake 18

1

Beach Lake

l

Lake 26

2

Hampton Pond

2

Lake 27

2

Lake 25

2

Long Lake

2

Lagoon 7

2

Garden Pond

2

Ranger Lagoon

2
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found in the cores and surface samples were selected for
the discriminant analysis.

These taxa were Pinus, Quercus,

Ilex, Gramineae, Ericaceae, Myrica, Ambrosia, Tubuliflorae,
Chenopodiaceae, Umbellifereae, Cyperaceae, Typha, Taxodium,
and Saqittaria.

Each of these fourteen pollen taxa

accounts for at least 3% of the total pollen sum in each of
the analyzed levels.

The discriminant analysis assembled

the pollen data of the modern surface samples and
calculated a number of discriminant functions.

Each fossil

pollen sample was assigned to a "most probable vegetation
type" based on the probability of group membership.

The

probability of the fossil pollen spectrum belonging to the
other vegetation group is also calculated. The similarity
between the fossil pollen spectrum and the "typical" pollen
signature of its assigned modern vegetational group is
represented by the "probability of modern analog" (Liu and
Lam 1985).

This information was then used to determine

ecological changes in the vegetational composition of the
ecosystem surrounding the lake over time.
5)

Dating
Radiocarbon (14C) and Cesium-137 (”7Cs) dating were

used to determine the age of the sediments within the
cores.

The organic matter around the sand layer can be

radiometrically dated to establish a chronology of major
hurricanes striking the area.

The basal dates from Momma's

Diner Lake and Fearn Lake were determined using the
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Accelerator Mass Spectrometry method or AMS.

Organic

matter below a sand layer in the middle section of Momma's
Diner Lake and Waters Pond were also dated using the AMS
method to establish a chronology stratigraphy for the
Little Ice Age.

The middle section of Fearn Lake was dated

using C-14 methods to establish a time frame of the Little
Ice Age within the sediment core.

Radiocarbon dating was

done by Beta Analytic, INC., of Miami, FL and calibrated to
calendar years (Stuiver and Reimer 1994) to correspond with
documented hurricane records (Tanner 1934).
Organic sediment below the 10 cm sand layer that was
found in cores from Fearn Lake and Momma's Diner Lake was
tested for levels of Cesium-137.

The Cesium-137 analysis

was performed in the laboratory of Dr. R.E. Turner in the
Department of Oceanography and Coastal Studies at LSU.

The

peak of Cesium-137 activity, a fallout of nuclear
atmospheric testing, has been documented to be in 1963 and
any sediment found above that peak in a core should be
younger than 1963 (Ritchie and McHenry 1989).
6)

Sand Grain Analysis
During a high energy event, the source of sand

comprising the sand layers within the sediment cores is
believed to be coming from the island itself.

In order to

compare the sand comprising the sand layer in the sediment
core with that on the barrier island, samples of sand were
collected along three transects on the Gulf of Mexico side
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of the island.

Within each transect, four sample bags of

the top 2 cm of sand were collected from the primary dune,
mean tide level, and the step.

The sand was analyzed for

grain size composition, with the assumption that the sand
will be comprised of finer grains as it moves further away
from the step.

Similarly, the grain size of the sand

comprising the sand layer at 10 cm in the Fearn Lake core
is analyzed and compared with the sand grain sizes in the
three zones.

Statistical analysis were conducted using the

Folk and Ward (1957) method to find the mean grain size,
sorting, skewness, and kurtosis of the core sample and each
of the transect samples.

All three

statistical results

are then graphed with skewness and sorting (mm) on the yaxis and mean grain size (mm) on the overlay y-axis.
sample location is located on the x-axis.

The

The expected

general trend would be a coarsening of the sand from the
primary dune to the mean tide level to the step.

CHAPTER 5: RESULTS
1)

Limnological Survey
The results of the limnological survey are presented

in Table 5-1.

The salinity readings show a clear

difference between the brackish and freshwater
environments.

The range of salinities for the freshwater

ponds is 1-5 ppt.

The salinities for the brackish water

ponds and lagoons are much higher and range from 12 to 20
ppt.

The average salinity for the Mississippi Sound was

found to be 20 ppt for the month of May (Shabica and Watson
1982).

Table 5-2 shows the range of salinities for the

Mississippi Sound for all four seasons.

All of the

brackish ponds and lagoons are situated closer to the
Mississippi Sound side than the Gulf of Mexico side.

The

lagoons with tidal openings to the Mississippi SoundLagoon #7, Ranger Lagoon, and Garden Pond- all have
salinity levels of 20 ppt, the same as that of the
Mississippi Sound.

The remainder of the brackish lakes are

in intermediate salt marsh environments that are subjected
to tidal influences, which may introduce salt water into
the lakes. The freshwater ponds, which are found on both
northern and southern sides of the island, are completely
closed off and protected from tidal influences by a well
developed secondary dune system.
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Figure 5-1 shows the
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Table 5-1.

Results of the limnological survey.

& (mg/1) I

Lake Name

Salinity
(PPt)

pH

«
42

Waters Pond

5

7.5

9

Garden Pond

20

8

6

40

Fearn Lake

5

7.5

Lake

Number

*____
7

38

Momma's Diner
Lake

4

6.5

28

Ranger Lagoon

20

8

5

27

17

8

N/A

26

15

7.5

N/A

25

12

8.3

N/A

12

8

8

3

8.5

8

3

7.5

8

20

2

8

9

10

3

7.5

N/A

7

20

7.5

7

24

Hampton Pond

19

18

Gathen Pond

15

Beach Lake

4

8

8

5

Kari Pond

1

6.5

5

13

Long Lake

12

N/A

N/A

14

Round Lake

4

N/A

N/A
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Table 5-2. The range of salinities for the Mississippi Sound
throughout the year (Shabica and Watson 1982).

Season
R
winter
Spring

Temperature
°F (°C)
54-59
70

Salinity
(PPt)

(12-15)

17-21

(21)

13-18

Summer

82-84

(28-29)

19-23

Autumn

66-70

(19-21)

23-29

Figure 5-1.
The salinity values for each tested pond and lagoon
on Horn Island.
U1
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distribution of fresh water (1-5 ppt) and brackish water
(12-20 ppt) ponds and lagoons based on data from the
limnological survey.
There are no distinct differences in pH levels between
the brackish and freshwater environments.
levels is between 6.5 and 8.5.

The range of pH

The mean pH value is 7.6

and most of the lakes fall very close to this value.

The

pH values for the ponds and lagoons are shown in Figure
5-2.

All of the ponds and lagoons have a certain level of

chlorine in them due to the presence of salt.

This is

consistent with the fact that none of the ponds or lagoons
had a salinity reading of 0 ppt.

Although the presence of

chlorine can give slightly inaccurate pH readings, the
results for the pH test seem to be consistent and
reasonable.
The freshwater lakes have a higher dissolved oxygen
level than that of the brackish lakes by 1-2 mg/1.
results are shown in Figure 5-3.

The

The freshwater ponds have

a greater abundance of aguatic plants present, including
the emergent Typha anqustifolia and Saqittaria.

This may

contribute to the higher dissolved oxygen levels due to
photosynthesis.

With the presence of aquatic plants, the

freshwater ponds are also more highly productive
environments than the brackish ponds and lagoons.
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2)

Modern Vegetational Survey and Pollen Surface Samples
The results of the vegetational survey are consistent

with the pattern indicated on the vegetation map by
Eleuterius (1979), (see Appendix), and on aerial photos.
In all cases, the ponds and lagoons were surrounded by
either a freshwater marsh or a brackish marsh.

The major

taxa in the brackish environment are Juncas romerlanus,
Spartina patens, and Chenopodiaceae.

These three taxa are

present in greater abundance in the brackish ponds and
lagoons than in the freshwater ponds.

The taxon that is

diagnostic of the freshwater marshes is Typha anqustifolla.

Jacobson and Bradshaw (1981) divide pollen sources
into three groups consisting of regional, local, and extra
local sources.

Regional pollen comes from distances of

several hundred meters and kilometers, and is wellrepresented in large lake basins.

This pollen is

considered to come from above the tree tops, and prolific
pollinators, such as Pinus, will be well-represented in the
fossil pollen record.

Extra-local pollen comes from a

source twenty to several hundred meters from the lake
basin.

Local pollen comes from an intermediate source less

than 20 meters from the lake basin.

The taxa that are

represented in the fossil pollen record are predominately
anemophilous, or wind-pollinated, species.

Entomophilous ,
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or insect-pollinated, species are underrepresented because
they tend to produce fewer and poorly dispersed pollen.
Figure 5-4 shows the results of the pollen analysis of
the surface samples from eighteen lakes.

The dominant

pollen taxa present in the surface samples in Horn Island
ponds and lagoons are Gramineae, Ericaceae, Pinus, Myrica,
Ilex, Ambrosia, Chenopodiaceae, Typha, Cyperaceae, and
Saqittaria.

Within the brackish ponds, Gramineae is

consistently represented and is most likely derived from
Spartina patens considering that this species was found in
all of the marsh plots in the vegetation study by
Eleuterius (1979).

This interpretation is also consistent

with the results obtained by Chmura (1991) in her study
from the Mississippi River delta. There is also a
consistently higher percentage of Pinus present in the
brackish environments.

Chenopodiaceae is present in all of

the brackish lakes except for Long Lake.

Pollen from

aquatic plants, Typha anqustifolia and Saqittaria, are
consistently present in lower percentages in all of the
brackish ponds and lagoons in comparison to the freshwater
ponds.
A prominent member of the Gramineae family that is
represented in 100% of all the marshes is Spartina patens
(Eleuterius 1979).

It is common in high salt marshes, salt

meadow, and brackish flats (Duncan 1987).

A variety of

Panicum and Paspalum grasses, which inhabit fresh to

Traaa and S M m

Upland Hari»

******

Figure 5-4. Pollen diagram for the 18 surface samples taken on
Horn Island.
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intermediate, are also listed by Eleuterius (1979) as being
present on Horn Island.

Spartina alterniflora, a highly

salt-tolerant plant, is also found on Horn Island but is
not as common as Spartina patens. The intermediate to
brackish marsh indicator within the pollen record is most
likely represented by Spartina patens, due to its presence
in 100% of the study plots set up by Eleuterius and its
dominant presence in the intermediate to brackish marshes
seen presently on Horn Island.

Although Juncas roemerianus

is highly visible in the intermediate to brackish marshes,
it is a poor pollinator and is therefore not represented in
the pollen record.

Chenopodiaceae is also representative

of intermediate to brackish marshes and follows the same
patterns in the pollen diagram as the members of the
Gramineae family.
The freshwater ponds show high variability in
Gramineae representation.

Five of the freshwater ponds

have at least 15% total Gramineae pollen.

The remaining

five freshwater ponds have less than 10% Gramineae.

The

main difference between the fresh and brackish environments
lies in the percentage of aquatic macrophytes, which is
higher in freshwater ponds.

The most dominant freshwater

marsh indicator is Typha anqustifolla and is a common
species in freshwater and intermediate environments
(Chabreck 1979).
freshwater ponds.

It forms a dense stand around each of the
Typha angustifolia pollen is
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consistently present in all of the freshwater ponds and
Saqittaria pollen is present in all of the ponds except for
Round Lake and Fearn Lake.

Spartina patens is less

prevalent in the freshwater than in the brackish
environments.

Members of the Cyperaceae family follow the

same patterns in the pollen record as Typha.

Rynchospora

sp., Cyperus sp., and Eleocharis sp., are representatives
of the Cyperaceae present in the freshwater marshes.

These

genera are found predominately in fresh to intermediate
marshes (Chabreck 1979).
In both of the environments Ambrosia, Ilex, Quercus,
Myrica, and Ericaceae are equally present.

Myrica, Ilex,

and Quercus are very abundant on the island and are found
not only in the woodlands but also in the well developed
secondary dune systems (Eleuterius 1979).

The most

abundant species of Pinus is Pinus elliottii (Slash Pine) .
It is present in all of the woodlands and is a prolific
pollen-producer,

which explains its high percentages in

all of the ponds and lagoons.
3) Core Stratigraphy
The loss-on-ignition diagrams for Momma's Diner Lake,
Waters Pond, and Fearn Lake are found in Figures 5-5, 5-8,
and 5-10, respectively.

The Momma's Diner Lake (Figure 5-

5) core is 105 cm long.

The top 80 cm is gyttja.

The

uppermost 15 cm are a combination of gyttja and sand.

At

18-33 cm, the sediment consists of organics with no sand
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present.

All the organic materials from 20-53 cm have a

high content of organic detritus, especially in regions
right above distinct sand layers at 14-16 cm, 33-35 cm, and
37-39 cm.

The gyttja is lighter in color from 57 to 80 cm,

reflecting low organic matter content and increased
elastics.
sand.

The bottom 25 cm is a combination of clay and

There are clearly defined sand layers at 14-16 cm,

33-35 cm, 37-39 cm, 68 cm, 80 cm, and 84 cm.

Figure 5-6

shows the entire 105 cm of the core with sand layers at 1416, 33-35 and 37-39 cm clearly shown.

Figure 5-7 shows a

close up of the sand layer at 14-16 cm.
The Waters Pond core (Figure 5-8) is 68 cm long.

The

top 53 cm is gyttja but contains well defined sand layers
at 6-10 cm, 22 cm, 29-31 cm, and 37 cm.

The bottom 15 cm

of the core is composed mostly of sand with a thin layer of
sandy clay present at 55 cm.

Figure 5-9 shows the sand

layer at approximately 10 cm.
The Fearn Lake core (Figure 5-10) is 93 cm long.

The

top 40 cm is comprised of mostly gyttja, which gradually
changes to a dark-brown gyttja with increasing organic
matter contents from 40 to 75 cm.

Distinct sand layers are

present at 7-9 cm, 16 cm, 22 cm, and 60-65 cm.

From 22-25

cm the gyttja has a higher content of sand in comparison to
the gyttja found in the rest of the uppermost 40 cm of the
core.

The sections right above the sand layers at 17 cm
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Figure 5-6. Momma's Diner Lake core showing distinct sand
layers at 14-16, 33-35, and 37-39 cm.

Figure 5-7. A close up of the sand layer at 14-15 cm in the
Momma's Diner Lake core.
OJ
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Figure 5-9. The sand layer at approximately 10 cm in the
Waters Pond core.
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Loss-on-ignition diagram for Fear„ Lake
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and 25 cm show an increase in organic detritus.

The bottom

section of the core, at 75-88 cm, contains mostly sand and
clay and is gray in color.
The loss-on-ignition diagrams for the remaining two
lagoons and four ponds generally correlate with diagrams
from the previous described three ponds.

Figure 5-11 shows

the loss-on-ignition curves for Garden Pond, currently a
lagoon.
Pond.

The diagram reflects a lagoonal history for Garden
Its sediments never contain more than 10% organic

matter.

The highest organic percentages occur in the top 8

cm and from 45-50 cm.

There is a slight decrease in

percent organics at 10 cm, corresponding to a distinct sand
layer, which is correlatable with a sand layer at a similar
stratigraphic level in the other ponds.
layer of shell fragments at 5 cm.

Also present is a

A sand layer at 17 cm in

Fearn Lake, 20 cm in Waters Pond, and 20 cm in Garden Pond
are also correlatable.

The sand layer at 23 cm in Fearn

Lake (radiocarbon-dated to 240+50 yr BP) and the sand layer
at 26 cm in Waters Pond (radiocarbon-dated to 270+70 yr BP)
are probably correlatable to a 27 cm sand layer in Garden
Pond.
The core from Ranger Lagoon, Figure 5-12, contains
less than 3% organic matter from 30-54 cm.

Above 30 cm,

there is an increase in organics to approximately 4%, until
a decrease at 16-20 cm.

From 16 cm to the top, the organic

matter content increases to approximately 10%, except for a
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slight decrease to 8% at 10 cm and 5 cm.

The dip in

percent organics at 10 cm is comparable with the
stratigraphic records from the other ponds and lagoons on
Horn Island.
Hampton Pond (Figure 5-13) is found just west of
Ranger Lagoon in a brackish marsh environment.

Pond CFRL

#27 (Figure 5-14) is connected to Ranger Lagoon by a small
inlet.

The loss-on-ignition diagrams for Hampton Pond and

Pond CFRL #27 generally mimic the general stratigraphic
features of Ranger Lagoon and Garden Pond.

The low

percentages of organics throughout much of the core lengths
are representative of tidal influence.

Both of the ponds

show a drastic increase in percent organics at
approximately 15 cm.

The characteristic decrease at

approximately 9 cm is also present in both stratigraphic
records.
Gathen Pond is a well developed pond on the
northwestern end of the island.

It also has a low

percentage of organics from 30-50 cm, except for a
peak at 36 cm (Figure 5-15).

small

The organic contents increase

gradually above 30 cm until the characteristic drop at
about 12 cm.

The percent organics gradually begin to

increase again until a recent decrease at 3 cm.
Kari Pond, located southwest of Gathen Pond, is a
recently developed area of open water that was once a
freshwater marsh.

The 24 cm core (Figure 5—16) shows a
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Figure
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Loss-on-ignition diagram
for Pond CFRL #27.
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gradual increase in organics beginning at 22 cm until a
slight decrease at 10 cm and a sharp decrease at 5 cm.
There is the presence of sand at both 10 cm and 5 cm within
the core.

This predominately freshwater marsh community is

dominated by white water lilies.

The organic contents

increase sharply upward, reaching 60% at the top two
centimeters.
4)

Sand Grain Analysis
The results of the primary dune, mid-tide level, and

step zones in Figures 5-17, 5-18, and 5-19.

The primary

dune graph (Figure 5-17), shows the core sample to be finer
than that of the primary dune sand grains.

This is also

true for the results of the mean tide level (Figure 5-18)
and the core sample.

The results of the step samples

(Figure 5-19) show the core sample lying slightly off
center to the right of the four samples.

Figure 5-20 shows

all three zones plotted with the core sample.

The sand

grains of the core sample are generally finer than the sand
grains found in the transect on Horn Island.
The results of the statistics (Figure 5-21) show that
the primary dune contains coarser sediments than that of
the mean tide level or the step.

Overall, the sand grains

of the core sample are finer than those found in the three
zones of the transect.

This is not what is expected to be

the results of the sand grain analysis.

Instead, the step

is expected to be the coarsest with the core sample results
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falling in the same region as the step due to the influx of
larger sand grains during a washover event.
5)

Carbon-14 and Cesium-137 Dating
Based on Cesium-137 dating, a prominent sand layer

occurring at about 10 cm in all of the cores is dated to
post-1963.

Figure 5-22 shows the results of the

analysis on Momma's Diner Lake.

137

Cs

The peak for nuclear

atmospheric testing is 1963 (Ritchie and McHenry 1989).
The peak of 137Cs is 2.2 pCi/g at 20 cm and begins to drop
off sharply until reaching a low of 0.2 Pci/g at 13 cm.
This would put the date for the 15 cm sand layer at post1963 and in the same time frame of Hurricane Camille
(1969), the only high intensity storm to directly affect
Horn Island after 1963.

Figure 5-23 shows the results for

the 137Cs analysis for Fearn Lake.

The peak of 1J7Cs reaches

1.4 Pci/g at 13 cm and reaches a low of 0.5 Pci/g 5 cm.
The sand layer at 8-9 cm in the Fearn Lake core is then
post-1963 and would also be in the time frame of Hurricane
Camille.
Table 5-3 shows the radiocarbon dates for Fearn Lake,
Waters Pond, and Momma's Diner Lake.

In Fearn Lake where

the sediments are mostly organic and the stratigraphic
records are most complete, sand layers occur in the upper
and lower parts of the core but are lacking in the middle
section.

The organic sediment in the middle section (23-60

cm) is bracketed by sand layers dating to 240+50 yr BP

n g ur®
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Figure 5-23.

Cesium-137 graph for Fearn Lake.
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Table 5-3. Radiocarbon dates for Momma's Diner Lake, Fearn Lake,
and Waters Pond.
Pond Name

Momma's
Diner Lake

Fearn Lake

Radiocarbon
Date
(yr B.P.)

Sediment

Lab No.

36 cm

420+60

gyttja

Beta-69023
*(AMS)

71-74 cm

550+50

organics/clay

Beta-69024
*(AMS)

23 cm

240+50

gyttja

Beta-60227

65-77 cm

600+60

organics/clay

Beta-60228

gyttja

Beta-60239

Level

Waters Pond 26-27 cm
270+70
* AMS=Accelerated Mass Spectrometry

=^/r
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(1700-1750 A.D) and 600+60 yr BP(1300-1400 A.D.), implying
that no intense hurricanes struck Horn Island during this
period.
A similar stratigraphy is found in Water's Pond.

a c-

14 date of 270+70 yr B.P. from a sand layer at 27 cm,
immediately above the middle organic section, suggests that
it was probably the same hurricane that deposited a sand
layer at 23 cm in Fearn Lake some 240+50 years ago.
In Momma's Diner Lake, there are also a series of sand
layers in the upper section of the core.

The sand layer at

15 cm has been correlated with the 9 cm sand layer in
Waters Pond and the 8 cm sand layer for Fearn Lake.

This

indicates a slightly higher depositional rate in Momma's
Diner Lake in comparison to Fearn Lake and Waters Pond.
This could put the 32-34 cm sand layer in Momma's Diner
Lake stratigraphically correlatable to the sand layer at 24
cm in Fearn Lake and the one at 27 cm in Waters Pond.

The

sand layers at 24 cm and 27 cm in Fearn Lake and Waters
Pond are dated to 240+50 and 270+70 yrs BP, respectively.
The sand layer at 33-35 cm in Momma's Diner Lake is
expected to have a 14C age in the order of 200-300 years
B.P.

However, the organic matter at 33-35 cm has been

dated to 420+60 yr B.P., approximately 200 years older than
expected.

The basal date, 550+60 yr B.P., is consistent

with the 600+60 year B.P. date from Fearn Lake.

There are

no distinct sand layers between the two dates from Momma's
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Diner Lake.

The reason for the discrepancy is unclear;

more 14C dates are needed to evaluate this problem.
6)

Pollen Stratigraphy for Waters Pond
The pollen stratigraphy of the core from Waters Pond

shows vegetational changes over time (Figure 5-24).

Waters

Pond was the site of the home of the Waters family from
1850-1920.

Only the top 27 cm of this core were analyzed

to look for evidence of human occupation on Horn Island in
the form of agricultural pollen.

The vegetational changes

due to the hurricane strikes were also evaluated.
Pinus, Quercus, Ilex/ and Myrica are consistently
present throughout the entire top 27 cm with no major
changes present.

Ericaceae pollen has a peak at 20 cm and

declines towards the top.

Gramineae pollen is consistently

represented below 7 cm, but guickly drops off upward.

A

peak in Chenopodiaceae pollen occurs at 5 cm, immediately
above a sand layer, and then declines upward.

On the other

hand, Typha decreases as Chenopodiaceae increases, reaching
a minimum at 5 cm before surging upward again.

Both

Ambrosia and Cyperaceae are absent in the lower parts of
the core but increase slightly upward from 5 cm.

The

presence of a Zea maize pollen grain at 17 cm and 23 cm may
be a cultural indicator left by the island colonists during
the 19th century.

The two grains were both 120 microns in

diameter with psilate texture and one annulate pore.
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Pollen Stratigraphy for Fearn Lake
The pollen stratigraphy from Fearn Lake also provides

a record of vegetational changes (Figure 5-25).
cm of the core was analyzed for pollen.

The top 60

The sediment below

60 cm is comprised of mostly sand and clay that contain
very few pollen.

Pinus is steadily represented at

approximately 10% throughout the length of the core.

There

is an abrupt increase at 30 cm but it drops off gradually
towards the top.
the entire 60 cm.

Quercus is present at 7-12% throughout
It is more freguent in the lower part

but declines slightly at 45 cm. It remains steady to the
top.
Both Ilex and Ericaceae pollen are absent in lower
part of the core and increase remarkably at 45 cm.

Myrlca

pollen is present at 3% from 60 cm to 55 cm but abruptly
increases to 23% at 55 cm.

Throughout the remainder of the

core the percentages of Myrica are 7% to 15% with slight
decreases at the sand layers at 23-24 cm and 17 cm.
Ambrosia and Cyperaceae follow a similar pattern in which
there are no abrupt increases or decreases and their
percentages rarely exceeds 5%.

Chenopodiaceae is present

at less than 2% in the lower part but gradually increases
above 40 cm.

It reaches approximately 10 % at 27 cm but

gradually decreases again upward from the sand layer at 17
cm.

Depth (cm)

Figure 5-25.

Pollen diagram for Fearn Lake.
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Gramineae is consistently represented at approximately
10% except for the gradual decrease to 3% at 35 cm.
Following the decline, the Gramineae gradually increases to
is present level of approximately 7%.

The highest

percentages for Typha is 40% at 60 cm.
decreases to a low of 15% at 40 cm.

It gradually

Following this, Typha

begins to gradually increase and levels off until a minor
decrease at 22 cm that correspond to a sand layer within
the Fearn Lake sediment core.

It gradually increases again

reaching a modern value of 30%.
8)

Pollen Stratigraphy for Momma's Diner Lake
Close interval sampling in the pollen stratigraphy

from Momma's Diner Lake permits a detailed reconstruction
of the vegetational change associated with the hurricaneinduced sand layers (Figure 5-26).

The pollen frequencies

of trees and shrubs show significant changes over the 75 cm
length of the core.
pollen sum.

Pinus occurs at 20-45% of the total

Its pollen is slightly more frequent in the

upper part of the core, between 45 and 10 cm.

In general,

samples taken from the sand layers seem to contain lower
percentages of Pinus pollen.
steadily throughout the 60 cm.
5% from 75-65 cm.

Quercus pollen occurs
Myrica was present at only

It increases dramatically to a peak of

25% at 52 cm, then levels off upward.
gradually again from 15 cm to the top.

It increases

Figure 5-26.

Pollen diagram for Momma's Diner Lake.
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Ambrosia and Chenopodiaceae also follow patterns
similar to Ilex.

All three are present in very low

percentages of 2-3% in the lower half of the core.

At the

37 cm sand layer, they begin to increase and reach 5% at 33
cm.

All three level off at 5% until 10 cm where Ilex and

Ambrosia begin to decrease and Chenopodiaceae begins to
increase.
Ericaceae is absent in the top 10 cm and bottom 20 cm
of the core.

Gramineae occurs consistently except for some

minor fluctuations.

At 55 cm Ericaceae abruptly increases

to 10% and remains at 8% with minor decreases at 35 cm and
16 cm before disappearing from the pollen record at 10 cm.
Gramineae gradually decreases from 65 cm to 50 cm reaching
a low of 10% before increasing and leveling off to 15% at
45 cm.

It then increased once again in correspondence with

the 33 cm sand layer.

Following the 15 cm sand layer,

Gramineae began to increase until 10 cm when it decreased
to 5% at the top.
The aquatics plant Typha is the most dominant pollen
taxon found in the pollen sum.

Typha is present in higher

percentages in the lower 35 cm of the core.

It then began

to decrease at 40 cm and leveled off to the top with two
decreases that corresponded with sand layers at 33 cm and
37 cm.

Another aquatic plant, Saqittaria, is present in
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<2% from 60 cm to 33 cm before disappearing from 33 cm to
12 cm.

It then reappears from 12 cm to the top reaching

levels of approximately 3%.
The total concentration of pollen generally stayed at
750 grains/cc except for two major decreases at 37 cm and
again at 15 cm.

Both of these decreases correspond to sand

layers at 37 cm and 17 cm.

At 30 cm the concentration

increases to almost 1500 grains/cc.

This corresponds to a

section of the core in which there are no sand layers
present.
9)

Discriminant Analysis
The null hypothesis (Ho) for the discriminant analysis

states that there is no difference (with a significance
level of .0500) between the mean values for a pollen
assemblage in the fresh versus brackish bodies of water.
The alternative hypothesis (Ha) would in turn state that
there is a difference between the mean values for a pollen
assemblage in the fresh versus brackish environment.
The results of the discriminant analysis, using Wilk's
stepwise method, clearly show that there is a palynological
difference between the fresh and brackish environments.

At

step 1 in the analysis, Typha is included with a
significance level of 0.453.

In step 2, Myrica is included

with a significance level of .0400.

Quercus,

Umbellifereae, and Ilex are also included in the analysis
with significance values of .0106, .0110, and .0056,
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respectively.

All of these result in the acceptance of the

alternative hypothesis.

The canonical discriminant

functions evaluated at the group means (or group centriods)
give a value of -1.32247 for the freshwater environments
and a value of 1.65309 for the brackish environment.

These

two values further confirm the alternative hypothesis that
there is a difference between fresh and brackish pollen
assemblages.
All (100%) of the surface samples are correctly
classified by the discriminant analysis into their actual
salinity (fresh or brackish) groups as determined according
to their modern salinity values.

The ungrouped core

samples are all classified by the discriminant analysis as
either fresh or brackish environments.

In each of the

cores, the levels at or just above the sand layers are
classified as brackish environments.

The samples

classified as fresh are found in sections in which sand
layers are lacking.

The results of the ungrouped

classification are used to delineate the zones in the
pollen diagram.
The results of the discriminant analysis are listed in
Table 5-4.

Each of the analyzed levels are either grouped

as freshwater or brackish water.

The resulting groupings

support the hypothesis that the hurricanes temporarily
alter the vegetational composition of the ecosystem
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Table 5-4. Discriminant analysis results for the ungrouped
fossil pollen levels (l=freshwater and 2=brackish water).
Level (cm)
Fearn Lake
surface sample
5
10

Group*
1
1
1

15

1

20

1

25
30
35
40
45
50
55
60
Momma's Diner Lake
surface sample

1
1
1
1
1
1
1
1

9

2

13.5
17

2
1

22

2

25
30
34
35
37
39
45
50
53
57
62
65
68
70
75
Waters Pond
surface sample
4.5
9
13.5
18
22.5
27__________________________________________
*: l=freshwater; 2=brackish water

1
2
1
1
2
2
1
1
1
1
1
1
1
2
1

1

1
2
2
2
2
1
1
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surrounding the pond.

The results for each of the ponds

will be discussed below to show how the hurricanes acted as
a disturbance agent in each case.
Waters Pond was divided into three zones based upon
the results of the discriminant analysis.
cm and 22.5 cm are classified as fresh.

The samples 27
The majority of

this zone represent a recovery time between two major
hurricane strikes corresponding to sand layers at 25 cm and
20 cm.

This zone also shows an increase in Typha, a

freshwater indicator.

The next four samples (18, 13.5, 9

and 4.5 cm) are brackish.

The most intense hurricane

during this period was Hurricane Camille, which has been
confirmed by

C dating to be corresponding to the sand

layer at 7-10 cm.

There is a decrease in Typha and a

corresponding increase in Chenopodiaceae during this time.
The surface sample is classified as fresh and can be
considered the recovery period from the impacts Hurricane
Camille.

Typha increases dramatically in this top zone and

Chenopodiaceae decreases.
The results of the discriminant analysis classify the
entire 60 cm of the Fearn Lake pollen stratigraphy as a
freshwater environment.

Although there is an increase in

Chenopodiaceae pollen at 30-10 cm associated with the
occurrence of sand layers, the high percentages of Typha
throughout the 60 cm core probably dominate the
palynological signature and therefore resulting in the

m

97

freshwater classification.

The modern pollen spectrum from

this freshwater lake is dominated by the pollen of Typha,
which reflects the dense stand of Typha that growing around
Fearn Lake.

Typha was at least 20% of the total pollen

assemblage throughout the top 60 cm of the core.
The discriminant analysis results for Momma's Diner
Lake show the vegetational changes resulting from several
major hurricane strikes.

Unlike Fearn Lake, the zones

alternate between brackish and fresh in close response to
the hurricane strikes.

The zones that were classified as

fresh included the 70-39 cm section of the core that lacks
sand layers and also the stratigraphic levels above the
sand layers at 68 cm, 37 cm, 35 cm, and 15 cm.

The sample

at 22 cm is also classified as brackish although there is
no corresponding sand layer in the stratigraphic record.
The freshwater zones are generally marked by
relatively high percentages of Typha, Sagittaria,
Cyperaceae, and Ambrosia.

Myrica pollen also seems to

increase slightly in the fresh zone.

The characteristics

of the brackish zones are relatively high percentages of
Chenopodiaceae and Gramineae, and to some extent Ilex.
Pinus fluctuates throughout the length of the core but
there appears to be no clear pattern.

CHAPTER 6: DISCUSSION AND INTERPRETATION
1)

Ecological and Geomorphic Impacts of Hurricane Camille
The impact of historical and prehistoric hurricanes on

Horn Island, Mississippi has been documented through losson-ignition analysis, pollen analysis, and discriminant
analysis.

The results of the analyses support the

hypothesis that hurricanes act as a disturbance agent on
island ecosystems.

The pollen study shows a fossil pollen

assemblage indicative of freshwater conditions during times
when intense hurricanes are absent or rare.

On the other

hand, during and immediately after a major hurricane
strike, the fossil pollen record suggests a change to
vegetation that is more tolerant of brackish environments.
The sediment and pollen stratigraphies from the Horn
Island ponds provide an unusual opportunity to study the
ecological and geomorphic impacts of Hurricane Camille.
Camille, a category 5 hurricane, made landfall at Waveland,
Mississippi on August 17, 1969.

It was one of the most

intense and costliest hurricanes to have ever hit the U.S.
mainland (Marshall et al. 1971).

The maximum wind speed

was 333 km per hour (207 mph) near the eye and the central
pressure was 901 millibars, the second lowest recorded in
history (Roberts 1969).

Figure 6-1 shows the distribution

of wind speed across the impacted area.

Horn Island, on

the dangerous upper right hand quadrant of the storm, was
subjected to 120-160 km per hour (75-100 mph) winds.
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The

Figure 6-1. Storm heights and wind speeds of
Hurricane Camille along the Mississippi Gulf Coast
(Dikkens et al. 1971).
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eye of the storm was estimated to be approximately 16
kilometers (10 miles) wide in diameter as it hit shore.
The maximum storm surge was recorded to be 7.31 meters (24
feet) above the high tide level (Sullivan 1985; Stone and
Salmon 1988) at Waveland, Mississippi.

This is well above

the daily microtidal range of 0.45 to 0.76 meters (1.5 to
2.5 feet) for the Gulf of Mexico (Morgan et al 1958).

Horn

Island was subjected to a storm surge of at least 3.15
meters (12 feet).

Sections of Horn Island may have been

completely inundated by the storm surge.

Horn Island was

heavily eroded on its outside beaches and the marsh
vegetation was pushed down and pressed to the soil surface
as the storm surge passed over the island (Gunter and
Eleuterius 1973).
Hurricane Camille, as shown in Figure 6-2, made
landfall in a shore-normal approach less than 60 km west of
Horn Island.

In shore-normal conditions, peak surge and

strongest winds occur

before landfall and are focused

onshore to the right side of the storm track (Penland and
Suter 1984).

Due to the great strengths of winds and waves

the upper right quadrant, landward orientated overwash
features and barrier island breachings are concentrated to
the right of the storm.
The results of the 137C dating confirmed the dates of
the 15 cm sand layer in Momma's Diner Lake and the 8-9 cm

Figure 6-2.

Storm track of Hurricane Camille.
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sand layer in Fearn Lake to be post-1963 and therefore most
likely a result of the storm surge of Hurricane Camille.
Figure 6-3 shows the stratigraphy of all nine sediment
cores and the presence of a sand layer at approximately 10
cm that represents Hurricane Camille in each of the cores.
This confirms the hypothesis that the storm surge of an
intense hurricane strike can leave a signature in the
sedimentary record in the form of a prominent sand layer.
The ecological impacts of Hurricane Camille are
evident from the fossil pollen assemblages of Momma's Diner
Lake, Fearn Lake, and Waters Pond.

In Momma's Diner Lake,

the brackish environment indicators, Gramineae, and
Chenopodiaceae, all increased in the period following the
hurricane strike before eventually declining when the
freshwater environment returned according to the
discriminant analysis.

The freshwater environment

indicators, Typha and Cyperaceae, remained unchanged or
declined immediately following the Hurricane Camille sand
layer.

The total pollen concentration also decreased

dramatically to 250,000 grains/cc during and following
Hurricane Camille.

The storm surge from the hurricanes

introduced saltwater into a freshwater environment
temporarily altering the freshwater community to a brackish
community.

This allowed for more salt tolerant plants,

such as Chenopodiaceae and Gramineae, to colonize the area
crowding out the freshwater plant species.

Freshwater

0)

Karl Pond

M

showing a prominent
Stratigraphy of nine cores all
Figure 6-3
sand layer at approximately 10 cm.
o
u>
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indicators, such as Typha and Cyperaceae, would decline in
number following a hurricane event and recolonize the area
over a period of time, until the next high energy event.
The ecological impact of Hurricane Camille on Waters
Pond showed a decrease of Typha at the time of Hurricane
Camille and an increase in the recovery time following the
storm.

Chenopodiaceae, a brackish environment indicator,

reached a peak of 20% immediately following the storm and
then began to drop off sharply.

Gramineae maintained a

level presence during the storm but began to drop off to
<5% following the storm.

The storm surge of Hurricane

Camille had allowed for the intrusion of saltwater into a
freshwater environment, temporarily allowing the
colonization of salt tolerant plants.

The recovery period

following Hurricane Camille allowed for the environment to
return to a freshwater community.
Fearn Lake had an unchanging presence of Typha and
Cyperaceae during and following Hurricane Camille.
Gramineae and Chenopodiaceae are also consistently present
but began to slightly decline in the period following the
storm.

The total pollen concentration had several sharp

declines throughout the 60 cm that included a decline to
50,000 grains/cc at the time of Hurricane Camille.
According to the discriminant analysis results, Fearn Lake
has consistently been a freshwater environment throughout
the entire 60 cm.

While the recovery period following
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Hurricane Camille showed a decrease in salt tolerant
species, the freshwater plants remained consistent.

The

impact of the storm surge on the freshwater species of
Fearn Lake was not as clearly detected in the fossil pollen
record as they were in Waters Pond or Momma's Diner Lake.
The storm surge of Hurricane Camille resulted in
temporarily altering the freshwater communities of Momma's
Diner Lake, Waters Pond, and Fearn Lake to brackish water
communities.

The percentages of salt tolerant plants, such

as Chenopodiaceae and Gramineae, increased in the period of
time following a high energy event.

The fossil pollen

record indicated that this change is also followed by a
recovery period in which the community changes back to a
freshwater environment over time.

The freshwater

indicators, Typha and Cyperaceae, would gradually increase
during the recovery period following the high energy event.
2)

Ecological Models of Hurricane Impacts
An ecological model that would best represent the

vegetational response to hurricanes on Horn Island would be
a disturbance and recovery model.

Hurricanes act as a

disturbance agent in preventing the island vegetation from
reaching a state of maturity and stability.

Figure 6-4

represents the ecological model used to illustrate the
impacts on marsh or lacustrine vegetation on Horn Island.
The x-axis of the graph represents time.

The y-axis

Maturity Level

Time

Figure 6 4. Ecological model of the hurricane impacts on
marsh vegetation.

o

o>

I
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represents ecosystem maturity and the overlay y-axis
represents the vegetational diversity gradient from a
brackish to a fresh marsh environment.
The higher the salinity, the fewer is the number of
plants that are able to survive; lower salinities allow for
an increased number of plants that are better able to grow
in the freshwater environment.

An intense hurricane would

cause a local extinction of freshwater vegetation due to
saltwater intrusion from the storm surge.

This would

result in a crash in the percentage of freshwater species
in the pond and the surrounding marsh.

As the pond and

marsh community recover by becoming increasingly fresh, the
percentage of freshwater species would also gradually
increase until the next intense hurricane hits.

This

leaves the pond or marsh ecosystem in a state of flux, in
which the recovery period is a time of succession and dis
equilibrium.

For a barrier island as a whole, different

parts of the island are likely to be in different stages of
succession due to differential impacts caused by the winds
and overwash.

This may result in an increased level of

habitat and community heterogeneity, leading to higher
Beta-diversity.

This will help to maintain a condition of

dis-equilibrium on the island; there is apparently an
intermediate level of disturbance that is needed to
maintain a high level of freshwater marsh diversity.
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The intermediate disturbance hypothesis may be used to
explain changes in vegetational diversity as a result of
hurricane disturbance.

Connell (1978) has applied the

intermediate disturbance hypothesis to explain the degree
of biodiversity in an area.

The hypothesis postulates that

"diversity is higher when disturbances are intermediate on
the scales of frequency and intensity" (Connell 1978).
Figure 6-5 shows the graphic representation of this
hypothesis.

Biodiversity will be low soon after a

disturbance; if the disturbances occur too frequently or
are too large in magnitude.

If disturbances occur too

frequently, the community will consist only of those
species able to reach maturity quickly (Connell 1978).

On

the other hand, long after a disturbance, or when the
disturbance is too small or infrequent, the diversity will
also be low for two reasons.

First, the competitor most

efficient in exploiting natural resources and/or
interfering with other species will eliminate the rest.
Secondly, even when all species are in equal competitive
ability, the species most resistant to disease or death by
physical extremes or natural enemies will eventually fill
most of the space (Connell 1978).
The response to intermediate disturbance will vary
from species to species depending upon what constitutes
"intermediate" for a particular species.

An intermediate

disturbance frequency for a tree will be lower than that

Diversity

H.gh

Low

Disturbance* Frequent

Infrequert

Soon After a Disturbance

Long After

Disturbance Large

__

» Small

Figure 6-5. Biodiversity plotted according to the
Intermediate Disturbance Hypothesis (Ackerman et al. 1991).
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for an insect, whose life span is much shorter.

The

response of trees to a hurricane is taken into
consideration in this study but the intermediate
disturbance hypothesis is applied mostly to the response of
the island marsh or lacustrine vegetation to hurricanes.
The intermediate disturbance hypothesis also states that
"as the interval between disturbances increases, diversity
will also increase because more time is available for the
invasion of a new species" (Connell 1978).

The application

of this theory will include looking at the elimination of
freshwater species due to saltwater intrusion as a result
of storm surge and the consequent invasion of the more
salt-tolerant species to the area, as well as the response
time to the reintroduction of freshwater species to the
marsh.
3) Vegetational Change
Hurricanes have acted as agents of ecological change
throughout the last 600 years represented by the sediment
cores.

As previously stated, Typha has been the prime

indicator of a freshwater environment.

Cyperaceae also

follows the same patterns as Typha, although it is not
present in as high percentages.

The major brackish

indicator is Gramineae, mostly coming from Spartina patens.
During a major hurricane strike, the island may be
completely inundated by the storm surge, which deposits a
layer of sand on the bottom of the ponds and lagoons on the
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island.

The introduction of salt water would kill the

freshwater vegetation and permit the temporary
establishment of a more salt-tolerant community.

The

salinity of the pond would remain high for some time until
the pond is freshened again through the gradual
introduction of rainwater.

At the point in which the

salinities drop to a more tolerable level for freshwater
vegetation, Typha, Sagittaria, and Cyperaceae would
gradually make a come back until the next intense hurricane
event.

Liu and Fearn (1993) also found organic detritus

above sand layers in two cores taken from Lake Shelby,
Alabama.

These findings are consistent the finding of an

increase in organic detritus above sand layers in Horn
Island cores, including above the sand layer deposited by
Hurricane Camille (1969).
The modern palynological signatures established in
this study for the fresh and brackish environments are
supported by the data from Chmura (1990) for coastal
Louisiana.

She found that higher percentages of Gramineae

and Chenopodiaceae pollen characterize a brackish
environment.

Whereas, Typha is a good indicator of

freshwater environments.

The Horn Island study suggests

that the change to more salt-tolerant vegetation is a
result of the intense hurricane strikes causing salt water
introduction to the previously freshwater environment.
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The results of the diatom analysis conducted by Li
(1994) on Fearn Lake also supports the notion that change
in vegetation from a freshwater to brackish environment and
provided the needed evidence for the suppression of high
intensity hurricanes during the Little Ice Age.

The

results of the diatom analysis are shown in Figure 6-6.
The pollen diagram from Fearn Lake, which shows a higher
percentage of Typha during the time in which there was an
absence of sand layers adds support to the diatom results.
The diatom diagram is divided into three zones.

Zone 1

occurs immediately after a prominent sand layer and spans
approximately 1300-1500 A.D.

Here brackish/marine diatoms

are dominant and sand layers are absent and there is one
sand layer at 65 cm.

In zone 2, brackish diatoms decline

sharply and freshwater diatoms increased to maximum
frequencies.

In zone 3, representing the period since 1700

A.D., brackish/marine diatoms increase again although
freshwater diatoms remain predominate.

The predominance of

freshwater diatoms throughout the top 60 cm of the core
supports the results of the discriminant analysis which
classify the whole sequence into a freshwater environment.
4) The Little Ice Age
A climatic episode that impacted the diatom and
vegetational composition of the Pearl River Marsh cores (Li
1994) as well as the Horn Island cores is the Little Ice
Age, a period of global climatic cooling from approximately

m

Figure 6-6. Diatom diagram of the Fearn Lake sediment core
from Horn Island, Mississippi (Li 1994).
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1450 A •D . to 1850 A.D. (Grove 1988).

Most of the data to

support global cooling during the Little Ice Age are from
terrestrial sources.

According to CLIMAP Project Members

(1976), the sea surface temperature (SST) over the tropical
oceans was less sensitive to change than the terrestrial
temperatures.

Hurricanes need tropical ocean temperatures

of at least 26.5 °C to form and this must extend down at
least 60-70 meters so that there is no interference from
cooler waters to break down the formation of the hurricane
(Anthes 1982; Gray 1990; Emanuel 1988).

A temperature

decrease in the tropical region during the Little Ice Age
should suppress major hurricane formation during that time
(Li 1994).

Evidence from the Quelccaya ice cap (13°56'S,

70°50'W) in Peru indicates a clear temperature depression
during the Little Ice Age as illustrated by oxygen isotope
analysis (Thompson 1992).

Figure 6-7 shows a hypothesized

result of decreased hurricane activity during the Little
Ice Age as evidenced by fewer sand layers being present in
the sediment cores for that time (Li 1994).
The

14

C dates for the upper sand layers from Fearn

Lake (240+50 yr B.P. at 23 cm) and Waters Pond (270+70 yr
B.P. at 27 cm) can be evaluated in the light of the
historical hurricane record from the 18th century (Table 61).

A series of hurricanes struck New Orleans, Louisiana,

and Mobile, Alabama, from 1711 A.D. to 1800 A.D. (Tanner
1938).

Depending upon their track, any one of these
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Little Ice Age
(Fewer hurricane layers)

r

—

Figure 6-7. Diagram depicting a hypothetical core with the
Little Ice Age containing fewer sand layers in the sediment
core (Li 1994).
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Table 6-1. Hurricanes that struck the Horn Island region during
the period 1700-1800 A.D. (Tanner 1938).
DATE
| September 11-13,
1711

PLACE

DESCRIPTION

New Orleans

Destroyed St.
Louis Cathedral

1723

New Orleans

A remarkable
hurricane

1732

Mobile, AL

A destructive
storm

1740

Mouth of the
Mississippi River

Hurricane hits
the Northern Gulf
of Mexico

1776

New Orleans

October 7-10,
1779

New Orleans

August 24, 1780

New Orleans

August 23, 1781

New Orleans

August, 1800

New Orleans

|

Swept over the
province of
Louisiana
destroying crops, B
tearing down
buildings, and
sinking every
vessel and boat
afloat on the
Mississippi River

I
I
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hurricanes could have impacted Horn Island, leaving a sand
layer in both Waters Pond and Fearn Lake.

The radiocarbon

age of the sand layers is calibrated to calendar years of
1700 A.D. to 1800 A.D., which correspond in time to the
hurricanes listed in Table 6-1.
It is notable that these sand layers are dated to the
18th century A.D. and afterwards but are absent in
sediments between 600+60 and 240+50 yr B.P. in Fearn Lake.
This may suggest that intense hurricanes were fewer during
the early part of the Little Ice Age, i.e. 16th and 17th
centuries, but became more frequent again during and after
the 18th century.

More data are needed to evaluate this

observation.
The results of Li's (1994) diatom analysis on Fearn
Lake support the notion of reduced hurricane activities
during the early part of the Little Ice Age, as documented
by higher percentages of freshwater diatoms in the middle
part of the core where sand layers are absent.

This is

apparently due to the less frequent storm surges
and reduced occurrence of saltwater intrusion to Horn
Island ponds.

The data seem to indicate an increase in

hurricane activity after the 18th century when the global
climate remains colder than present (Grove, 1988).
paleoclimatic significance of this remains to be
investigated.

The

118

5)

Sand Grain Analysis
Heavy minerals found within the sand comprising Horn

Island include ilmenite, rutile, and zircon (Dr. Greg
Stone, personal communication, October 1994).

After

examination under a dissecting microscope, it was
determined that the step samples contain the highest amount
of heavy minerals and the primary dune samples contain the
least amount out of the three zones within the transect.
The core sample also shows a high amount of heavy minerals
that closely compared to that found in the step samples.
The expected results should therefore show that the grain
size of sand comprising the sand layers within the core
should consist of the course sand found in the step
samples.
The actual results of the sand grain analysis are
contrary to what is expected for the analysis of sand grain
size of the step, mean tide level, and primary dune.

It is

expected that the step would have the coarsest sand
followed by the mean tide level and then the primary zone.
The sand grain analysis for this study resulted in the
opposite.

It is also expected that the core sample would

contain coarse sediments that would closely match that of
the step.

The core sample instead contains finer sediments

that would normally be closer to that found in the primary
zone.

The current results show the primary zone sand

grains to be even coarser than the step.

Therefore, the
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results of the sand grain analysis are inconclusive and
further research is needed to explain the present results.
6)

Hurricane Andrew as a Modern Analog
The most recent intense hurricane to affect the

northern Gulf of Mexico was Hurricane Andrew (1992).

The

hurricane was a category 4 on the Saffir/Simpson scale with
wind speeds of 63 m/s (140 mph) and gusts of 74 m/s (165
mph) when it made landfall south of Miami, Florida on
August 24, 1992 (Stone et al 1993).

Hurricane Andrew made

landfall on August 26, 1992 just 20 km (12.5 miles)
northeast of Marsh Island, Louisiana.

Figure 6-8 shows the

track of Hurricane Andrew across the northern Gulf of
Mexico.

Geomorphic observations were made on the impact of

the storm surge on the barrier islands of the Louisiana
coast.

Gauge height was measured at 1.5 m at Houma

Navigational Canal, about 80 km east of the hurricane
track.

Storm surge inundation, breaching, and overwash

were noted along the Isles Denaires barrier arc (Stone et
al 1993).

This resulted in the significant removal of sand

sized sediment from the barrier islands (e.g. Raccoon,
Whiskey, and Trinity Islands) leaving a fine grained core
(Stone et al 1993).

This storm also gave the opportunity

to study the impact of storm surge on coastal vegetation.
Although the storm surge was significantly lower than
that of Hurricane Camille (1969), it gave the opportunity
to note the immediate impacts of a high energy event on

Figure 6-8.

Track of Hurricane Andrew (1992)

(Stone et al 1993).
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barrier islands.

The results of the vegetational impacts

of Hurricane Camille on coastal vegetation, as noted by the
•

vegetational changes in the fossil pollen record in the
Horn Island ponds, can be used to determine the impact of
Hurricane Andrew's storm surge on Louisiana marshes.
Category 4 and 5 hurricanes are rare events and play a
significant role as geomorphic and ecological agents of
landform change and ecological disturbance on barrier
island systems (Liu and Fearn 1993).

Gray (1984 and 1990)

has noted that hurricane activity in the western Atlantic
and Gulf of Mexico has been linked to sub-Saharan droughts
and El Nino-Southern Oscillation events.

Hurricanes are

also believed to have varied in their frequency and
predominant tracks as a result of global climatic change
(Liu and Fearn 1993).

There has been a recent increase in

frequency of intense hurricanes in the western Atlantic
that can be correlated with the termination of a 20 year
drought in sub-Saharan Africa since 1989 (Gray 1990).
Climate modeling of greenhouse warming predict a 40%-50%
increase in intense hurricanes due to warmer tropical
oceans (Emanuel 1987).

Reconstructing the late-Holocene

hurricane record of Horn Island can give a better
understanding to the frequency and reoccurrence of high
intensity hurricanes and their impacts on barrier island
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ecosystems.

This information is invaluable in

understanding the role and frequency of high intensity
hurricanes in the northern Gulf of Mexico region.

CHAPTER 7: CONCLUSIONS

The following conclusions are made based on sediment
and pollen stratigraphies, limnological and vegetational
surveys, radiocarbon (14C) and cesium-137 (n7Cs) dating, and
the discriminant analysis of the pollen data.
1. )

A prominent sand layer occurs at the top 10 cm of

sediment cores taken from seven ponds and two lagoons on
Horn Island.

Cesium-137 dating confirms that the sand

layer is the result of the storm surge of Hurricane Camille
(1969) .
2. )

Radiocarbon dating suggests that hurricane-induced

sand layers are absent in sediments dating to the 16th and
17th century A.D., roughly corresponding to the early part
of the Little Ice Age.
3. )

Discriminant analysis divides the pollen diagrams into

fresh or brackish zones.

The changes in these fossil

pollen assemblages reflect the impacts of hurricane strikes
on the vegetation of Horn Island.

The pollen results

indicate a general increase in brackish indicators
(Gramineae and Chenopodiaceae) during and immediately
following a sand layer.

In the recovery period following a

storm, freshwater indicators (Typha and Cyperaceae) would
recover from the saltwater intrusion and gradually
increase.
4.)

The pollen data are consistent with the results of the

diatom analysis from Fearn Lake (Li 1994) to document the
123
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vegetational changes due to saltwater intrusion resulting
from the storm surge during an intense hurricane strike.
5.)

Global climatic change, such as the Little Ice Age

cooling, does seem to have an impact on hurricane
frequencies in the northern Gulf of Mexico region. In this
case, the frequency of intense hurricanes seemed to have
decreased during the early part of the Little Ice Age.

The

cause for the apparent increase in hurricane activities
during the later part of the Little Ice Age (i.e. the 18th
and 19th centuries) remains unclear.

More work needs to be

down to verify this observation.
6.)

The results of the sand grain size analysis are

inconclusive and cannot be used at this time to examine the
origins the sand layers in the sediment cores.
Future work that needs to be done includes extensive
research to explain the conflicting results of the grain
size analysis.

Geomorphological processes may be occurring

on barrier islands during high energy events that have yet
to be completely explained by the current literature.

The

results found here may be the beginning of a new
understanding of the impact and depositional processes that
occur on barrier islands during a high energy event.
Additional cores could be taken from existing
freshwater environments on the island and analyzed for
their fossil pollen content.

The data found through the

analyses could be used as further support for the impacts
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of storm surge on freshwater environments.

Surface samples

from additional ponds could also be used to strengthen the
vegetational modern analog on Horn Island.

In order to

clearly establish the time frame of the Little Ice Age as
it is found within the sediment cores, additional
radiocarbon dating will be needed.

Additional diatom

analysis could also be completed to strengthen the
hypothesis of suppressed hurricane activity during the
earlier stages of the Little Ice Age.
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APPENDIX
Major Plant Taxa Found On Horn Island Based On the Study Of
10 m X 10 m Plots By Eleuterius (1979)
Ecosystem
North Beach Dunes

South Beach Dunes

Relic Dunes

Marsh

Meadows

Woodlands

Taxa

Percentage in
10 m x 10 m Plots
Uniola paniculata
78. 8%
Andropoqon maritimus
66 .7%
62 .1%
Panicum repens
57 .6%
Euphorbia ammaniodes
57 .6%
Solidaqo pauciflosculosa
Ipomoea stolonifera
74 .2%
Uniola paniculata
65. 1%
Andropoqon maritimus
62 .1%
Euphorbia ammanoides
60. 6%
Croton punctatus
40. 9%
Solidaqo pauciflosculosa
100%
Helianthemum arenicola
78. 8%
Ceratiola ericoides
65. 1%
Panicum aciculare
60.,6%
43..9%
Cladonia prostrata
Spartina patens
100%
77 ,
Juncas romerianus
.8%
66 .7%
Polvqonum punctatum
62 .6%
Ipomoea saqittata
59 .6%
Panicum repens
88 .9%
Fuirena scirpoidea
87 .9%
Panicum repens
84 .8%
Andropoqon virqinicus
72 .7%
Solidaqo leptocephala
63 .6%
Baccharis halimifolia
Fiurena scirpoidea
66 .7%
66 .7%
Myrica cerifera
Solidaqo leptocephala
59 .6%
Pinus elliottii
58 .6%
Centalla asiatica
56 .6%
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